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(57) Abstract 

A method of making the surface of a base material ultrahydrophilic which comprises the step of coaling the 
surface with a layer containing photocatalytic semiconductor material such as Utania and the step of ptotoexciling 
the photocatalytic material to adjust the angle of contact of the surface of the above layer with water to about 10 or 
less. When this method is applied to the surface of a base material such as mirror, lens or windowpane, the growth of 
waterdrops is prevented and the base material becomes highly antifoggtng. The articles treated by this method do not 
undergo any deposition of contaminants on the surfaces thereof and are readily cleaned by rainfall or washing with 
water. 
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■ra»ftKf-^-T»iaEjftSnTl^©*<ttB$tiA:*<. 450-C TifcSLfctttt 

?# ^tltzif^ Xfi©MH4fe-r BLB £*fc*T*ffil *T 0 . 5 mW/cm 2 ©#tt» 
ragt^ 3 ftfMmm&m&\siA. &&&fttt&m^X 0.02 mW/cm *©$£ 
10 ^MMR*T«n**J!MtU S&ttft«M5£« (ca-xiso) £JiH^Clg«ft© 



SI 



(°Q 


BLB SMf ifffe 

©Jgftfeft C ) 


3 s&© 
^Mft C ) 


9 B'&<D 

mtikft c ) 


1 4 B&© 

mt&n c ) 


450 


10 


13 


15 


23 


475 


0 


0 


0 


0 


500 


0 


0 


0 


0 


525 


0 


0 


0 


0 



15 Sl^£#^£ 475°C N 500°C N 525°C©iaST'Mfi!t$nT^^-4f 

&*<0 C r*t«f^ti> **^XtS©a®^i@^Ktt{w*6^F$tl-6C <t^5S^$n7to 
UfrU 450»CT^L^^©«f^^^-Ttt«fC{±3tM«EStt*^i:<. B# 

w©ajs»r-3nT»ttft*<iWn"9*** c: ttfvmzntzo 

20 475°C\ 500^ 525°C ©fflftT^Lfc^K.&£3K£jW 5> »** 
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mmmi tmmcor?-Tn-T4 >7m&&m&L, zom&zi o cmm 

coif? xfo&mmizisT l ~ l o^^iso-co^tr^-^ z tlZj:*), 

Jf J ?X&(Dnffilzmfem>1-?—T$:£j8.$-tttz 0 Z<DUn& 500-C CD&£T££j£ 

C (DUn^m B S^Blftr^a L/C^.BLB 30t#T£/m vTf**4©^®K 0.5m 
10 W/cm 2 ©^^ra^ T ^iBfF B ^^^rej| i fL,/'Co g&iftfcU^fl (CA-X150) 

So 

20 ^l2ffi#J 8 

BSg&g 7 X - X/ s° >v * i J > y tr J: * ^^T^rt 
1 0 cm 0^07-^7^ A^77ffiOli{;X/N°7 ^ 'J ^Sf ^ f 

•P*^**JHitU**<e., &ft*ftffll£8 (CA-X150) fc«j;0*i©^ftt^^3lij^ 
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5 H*fc0>J9 
>l> 77©j$ffl&£-ES/£U/c 0 

«fc 0 x T±9— VM?-?— TtSfr&UftM's U ^7©/<^ >^-T*£*£*lfc=J- 
-r-r >^*'7^ffi0SS(:MU/: o — Tt~>V JjOWMttlt 1 T£>-?/c c 

Z ©# 5 X«*tt B jfcg L /c&, BLB S3t*T*JB l^T 0 . 5 mW/cm 2 

©JHflETtt 1 *IHI*^mi*JlR»UA:. #tt*m#&©£©#7;*ffi©aiE©7K<h 
15 ©^te^^^ftb^aUJ^S (CA-X150) TiRiJ^ L/c iC5, gfttft (i 0° /c 0 
&(,vC> CO^CSM^l^T 0.0 0 4 mW/cm 2 (800;P^X) © 

/Co 

i^BSis^n/co 

1 o 

25 ESftlfcfcz X - -> »J tj /^*J=.TBP/frifc©flaB 

{t¥, TA-15 ) £a^y-^£i&7K£il£-U fh7Xh^->i/7>c^-7 
vOU t (D&G-itomU ^41©3-f^ ^&&£f)3& L /Co fh7ih + ->-> 



2 8 
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? >t3-?-T'/Jis tomtit, -f- h7i h*i/'>7 >*i^-> 

U.n\Z 6fe3bt*T£ffi l^TO.0 0 4 mW/an 2 (D&^j&BBg-C 3 B F^fl^ 

mmm 1 1 

-f h^J- K4^>?^>Ti(OC 2 H 5 ) 4 (Merck) 1 il^ J -jl 9 SfiSJ <t © 

Ctlb©^ 650»C Jltf 800-C CDSST'MfiRLT, fc^^-T^el, 

2 9 
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^n©i#ft©S®©*£©&ftift*> 0° Tfeo/co 
10 *M^J 1 2 

15 -TK^&L/Co #t>nfc^*4^tS:BF B ^fifT{rSS[SU/Co BLB3bt*T£ 
F^^b/CT r ->'7--^ (jaflC24»C^ 45 -50%) f^(IC ©#"5 XtS^IEg U 

0.5 mW/cm *<DmBTC 1 Bffl*^»*!iS»l/, # 1 ^llt. # 1 !***©* 

20 £ 15 ^»ra«**aBI5e L/Co iftiJ£Sn/cSi§^£7C©Si®35T«iJ 9 . 

«24«C\ 45-50%) ft»r£U jgl*¥f$^^ # lK»il^»^ 6 

3 0 
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*2 



1**4 


(" ) 




# 1WH 


0 


100 


# 2^3^) 


5.0 


100 


# 2K^6W) 


7.7 


100 


# 2t*£K8l$ffl&) 


8.2 


100 


# 2tm^4B»nift) 


17.8 


89.8 


# 2f**4(48B#p E g&) 


21.0 


88.5 


# 2 1**4(72 BfP^) 


27.9 


87.0 




40.6 


45.5 




64.5 


60.6 




75.3 


44.7 




86.0 


49.0 
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-T5/ia6> fto->'J =r->JlT&9Lfc 0 c©/ca6. b*<£js5^a (DDK) ©& 

OA« <J/»J*7 7» i:B« (HJ> 

<£L. C©fi^tt*7;l/S— ^AfcffilCifctfU lSO-COiaST'ii'fb^-yr. HI J* 
3 //m©-><j 3-^-73- bT&g^nfc&g^T^-^Agtfc (# 1 

JlO&L<1±. n-9—*fm*-9—T % /fr (BM<t¥. TA-15) ilusfi "^7 
x^7" ©A& (->»;*•/» ^y-;n?##?&> Mtr "^x*" 

15 ©iafi£li> ->V^3mSS(5> h'jy h + -»W7>llt^ f^-7 4t 

20 #2^C*4CBLB^0^ffl^TO.5 mW/crn 2 ©1ST 5 B M£*Mft 

£JS«tU #3tt«*»fco w©»#©OT©zk£©&ttfc*«ttft*l5£« (ER 

afommtmoit 2un<ommn^m^vtztz^ 70- T'$>-?tz 0 #i» 

^©&ft*ft£i8lJ£L/c<t^. 9 0° ~Chr>tz a IC> # 1 ttttK # 2 tttflCft 
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mmm 1 4 

5 $mm 1 3 © # 2 8Sm{C7R£B0£ffl hT22.8 mW/cm 2 Of^MST 2 

mm- l , # 4 mum® #2^ tmmuto # 4 urn© 

10 i©r7 7Tli*-7'#lTf,to 

mii 2970cm-' ©ftgfrii sp 3 jii^;fiii© c-H*&^a**fc#tt©**tt 

15 #4^©77>7^ h^fc^TI±> 2910cm- >©{£»& J; 2 970cm- 

'©IfcjtOl^nKfc tf-^^Sa6t>n^t^ *©ftfc>9CU 3200cm- »©>& 

m& 2910cm- »©{ft«Ktt sp 3 *f|;£#iit© C-H^^f*^©^^^ 

46 b^s 2970cm- 1 ©ftgfCti sp 3 SfiJc^it© C-H ^^^#*g©^# t£ t°- 

*#ga&£n*o k-»t, # iswtrt±c-H«5^*«i¥ft-r*ci*<«Bsn*. 

s T£©-#3t ( l ) y >©^©-7-^^m^(r^u/cW^^ 



WO 96/29375 



PCT/JP96/00733 



R R 

I I 

Si — O — Si — O — (1) 
I I 

0 o 

1 I 

i^Jp, Kit, T Jl>*Jl>&XltT V jum&&t) 

OH 
I 

Si — O — ( 2 ) 

I 

o 

I 

mmm 1 5 

n;itt7-7^,^-fMl^->iJj->»b(i^ift3-f / 
20 »->'j3->itMU:o 

^m^u i 3 tmrnwois-c, b^js^a© ©a& 

jt£-U 3— >rfe*mmLtz„ C©3— O anE^OT^ 
V/MtfflS'ffiOgMKgfljU 100*C©iS&Tiif'ft;£-£> If 5/im©y'J 
25 ®^<-x=J- hTfflt$tltz®WL<DT ? U/HMtfi (# 1 ) Z&tZo 

A&£*S£U Sir ©B«£8SJnU &/£© 

*«5 4«03-f^ >X^II3^L/Co :tlb03-f^ >^&©&J&1±. 
^-TSSii/U^mSi KU^ h*v^^;l/i^>S;i:£©*nK#-f 
30 7©M©Jfc*<. t^^n 5%x 10%. 50%. 8 0%(^j:ai:9{w|li^L/Co 



R 

i 

— O — Si — o 
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OH 

I 

Si 
I 

O 



— O — Si — O — 



OH 

I 

Si — O 
I 

O 
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frftZtltz VvZf?- h£i>j£U # 2 ~ # 5 f**4£*#/Co 

# 1 - # 5 BLB ^^JtT^ 0 . 5 mW/cm 2 ©jRlgT*:*: 200 m$mftf& 

£JR# t z> > J*£ -5 B#R3 KBIT d ti £ ©!**4©M©7jc £ o&mft tmt&ft 

5 aU^fl (ERMA tiSSJ) TftlJ5£U Sftfe^O^fKW^b^SSUL^o m*7 0 

Illx ^-T©*!^'** 5 0It%i8 01i%©# 4Kftt# 5I8PH: 
15 fcl^TI*. S^^©^^RBJ|t•C7K ( i:©Sfefeft{±3 , J^TK#£w 
5o 

filfi:ttfiLfc^ &ft*ftffll>&8 (CA-xiso) (CfcOTKiOffittft^iWSU^ic 
5. 7jc £©&&&£} ti 3" PjTTiofc, 

20 

HJfe#J 1 6 

^-7^F-y^- howm^tt^tn^^/cfe, mmxt^vmm&'a 

25 1 5 i|^|^|©^i*T-s 1 0 an 0£©1g£fc©T ^ U 7M8llt£©a®ir$i 

J? 5 */m©v"; a-yo^-xn- h^Il, &^T'f-^T^W*©^«££ 
H >y -fn— K£^*&fIL/Co V y^3- K©?-^ — T©gJ-£l± N 501 
6 011%, 9 01I%T*^o 
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0 *Xgg£*& (JIS) H8602 \zm \ t£ncom.m%:®m<D&T'X h 

fUM^I 1 7 

mmrni 3 tm^i©^*?^^ 1 0 ote^ot^*— ^AtsoMK^rigi 

© h h^{i0.03 ^m. # 2i£*4© h y^=i- M£J£(i 0.1 // nu # 3 

15 fsm© hy^=J- b$IJ¥te0.2 A*m, # 4 1**4© h -y ^3- bmW-\t 0 . 6 *r nu 
# 5^0 h 7^3- M9lffl*2. 5 ^m-C*^fc. 

©f<S*4f:: BLB3bfc*TC J: 9 0 . 5 mW/an 2 ©^&iftjgT-^&£J&lt 
Ltt*<6. SttftSU^S (ERMAttSi) £^Ti#ft©a®©7K£©J£fti£3©B# 

{c^nii. ^©Ti^KcbS Yy-f^- b©»fe£l»iLUttJ&<£fc&ffi*ia^K:«i 
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©sm^iseu > -79 >*&m-r >viizf? > 

OSI^3 ppm i:/,i5«k^ (CffiAUfCo ^^-^ftiC^/^ 8 cm ©ggJSf© 
i^6C4 W0BLB Dt^ElLx 0 . 3 mW/cm 2 ©ftft«UKftT*ftlft« 

15 1 8 

^K£0U 3^^©^^!% 1 0 cmEgft©T>l/$^A8^&Mfl5fcriR 
fcl^ T + 9-*£W.*f'?—T"f)V (Bj£Yb3^ TA-15) tluiB © 

^©ifeWffl&JifctefcT^— AffiK&tfU 150»C©taBET«-flS*ii-x T± 

25 h bOlglJpliO. 1 AimT'*>^/Co 

C ©»**H BLB 3bfc*T£ffil *T 0 . 5 mW/on 2 ©8SgT 1 B fflmft&L 
£.WL/c 0 £©K**©«ffi©zK£©attft£«ttte«JJ£8 (CA-X150) TffllJE 
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E3 






2itf$& 




0' 


2° 


1° 


3 e 



5 

ggifc^J 1 9 

10 tn.mm&&.#\ - ac ^tin^.Mar 

15 c m© t d <5K 20W © BLB ^7t*T£g£® LT.£*T U US£H::3£*m£ 1 #P*g M 

m&nm%.2s (ERMAttgSi) *ffl^T#lKfii# 2fim©Sffi©7K<i:©Sfti 

^</:iC^ 7* 50° T*^ 

25 {Escherichia coU W3110 ft) £Jg £ ? ^ UfcigSfl* U 

«WaK«7KTl^l&tC*«5l/T*tt*»ISEUfeo 0.15ml (10000 - 50000 
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CFU) £1 0 an Eft© 3 ft©* 7 >f K*7XC«TLx ^❖OX^ K#5X 

# 2 sm-ci* i o %^mx-h iz„ 

H;8£#J 2 0 

MMW 1 £IH$©;£&T\ 1 0 cm E9^©V — XfoCD^miZi&M 
V-?7>CJ*if7Xfatmftmi£<?># 21**4:fc«fctf# 11**4 (f^73-f 
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m4 





7jc£©&fcfeS C ) 




#21**4 


1 0 




# 1S**4 


9 






5 0 





15 





_ TK^O&ftitfS (° ) 




# 21**4 


3 




# 11**4 


4 9 






5 3 





10 

Ikiu SifB£Sfc©# 2f**4:fcJ;tf# lRfttV-y7>fA#7Zfii:oi^ 
ffiftll 9 t^«(Z>^jfeTtn;Kttl6*W-cA:o V - ? ? 4 ? X&*$ 

15 ^(C. ^It©#2M^J:a : #m!|!4<!:V-y7'fA*7X«i{:ohTllft 

/ )\<-hy5> ><Dmm<3 ppm cnc*^ izmx^tz 0 7 8 

cm ©g§*l© i:C5(:4W(0BLB tmEfl> 0 - 3 mW/cm 2 <Z>**MftflBft 
20 Tf^I^l/:,, 3 0#&K7^^-*rt©#X£$RlRU tfxfxm h r 

j6/c 6 # l^iv-y^-r ATy^xtsTJi^ f-ju/jw?? xDfo&mai o 

4 0 
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UMM2 1 

Olzm&L, Z(Dm^&$: 1 0 angg^cDT^ U^mfl&*g©*ffi(r^Us 100" 

&tr. 7^^-^if^^77^ (ta-15 ) t3mm.%<Dmmm7km&£m.& 

U ©A& (S/Urtr/^) £flSfloU ^o^V-^T^IRL^ 

co^fflffisic^T^ 'j^it^cDaffid^L-. ioo°c (D&m-zmitz-it 
m 2 oist' 5 b mmHm&mM u # 1 ism*-^,, 

3~9° "C*><9s ftOti^Unc^o/Co tJt^Co^Ttis T^y^flf^ico 
^TiiXfl§M©£#TO 7 0 %,£UiT£>-?/^ # 1 K*ra* 1 0 %*mT-h-> 

25 *jgST* -p # 1 K^T«^*^li 9 0 %J&-tT& fco 

mmm 2 2 

*J»>ffc3^tti&i&ai-Pt j£ftn*Mte 
4 1 
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C©Ki|4{CQ^gff 0. lfim%©^La^6 7jCfn^H 2 PtCl 6 .6H 2 07}C 
5 *g&£ 1 ml^U/c^> BLB^3t*I^fl9l^T0.5 mW/cm 2 ©BBgT 1 

»t,tlfc»»*l BffieU/c^BLB£ft*j£ffl^T0.5 mW/an 2 £D,» 

10 Tfco/c 0 ^^J2 0 il^^cD^T^^^l//^^ >®l^**^Afci6 

/:iC^>> 9 8%T*>o/Co 

mmm 2 3 

•frying U-->y^feJ: C/ ^W:^ 

15 &mm 1 3 © # 2 f**4c blb -gyttizm c %t 0 . 5 mw/m 2 ©bs^t 1 0 m 
5gg§ (ERMAtts^) ~emi£i,tztz.z>. mmn cornet 3' ^m-c&itzo 

& T HtrUR)?^E©jt^©S±irm 1 lA@*>«fctfmi lB0C/iFtI^nJlOl 
f*ifcg®£I8:gL/c 0 f&l 1 AglfcitflfU 1 Bm&mm-fZK. ClO^fiU:, 
20 71/-A2 0{C^^n/c^U/c^3t^r®2 2 1**42 4 £J&0ttft 

&o ccDM^ti^y^x^-y ^^t>^t»s o /cM^l***^® 2 2 KB* 
25 3<D# 2Un%^*&&%LK>Wf^ 1995 ^6^ 12 B*^ 9 BF^^#ir^S 
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m6 



Bft 




f&ffiS. (mm) 




6 M 12 B 


mo 


0.0 


0 




Am 


53.0 


0 


6£ 14 B 


m-mmo 


20.5 


0 


6^ 15 B 


mo-mmti \ 


0.0 


3.9 


6% 16 B 


mo 


0.0 


0.2 


6^ 17 B 


mti-mm o 


0.0 


9.6 


6^ 18 B 


mn&mo 


0.0 


7.0 


6^ 19 B 


m&mo 


1.0 


0.2 


6 ^ 20 B 


mow**m 


56.0 


2.4 



nx'it, mtummztite fritz, ztu*^ &wm.m<Dm*m<n^<DT^ 
io #2^T-(i. mtemtiAmmztitzo mit ^^it^^nTi^i^ 

So 

*ws±\z^&ftzmftfo<Dm.m\z&K). # 2nm<Dby7n- h^cD^u^-v 
20 ^©y^^ii^ti^u^«is^M^ffl(w«fcoT7jc^{regi$n, h 
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mm 2 4 

5 

Slut SHOW:)- 1 *7,3&i::M©feM£fe^ff- (^mfe) ^M^TthiROL/Co 
£.Mt±B*x!£gate (Jis) H0201 \zm^ A e* a**fflt^. finiil*ffci£fiifc 

10 

17 







'< v ? y-? # > K 


# i*m 


4. 1 


1 . 1 


# 21**4 


0.8 


0.5 



15 ?>r=70y KOffnfwt. # 2««t# lf**4Tti^ttD©M#*£C£#Mto 

l£5£0J 2 5 

20 ^m^j2 3®# ifst*4£# supHDmrnzj-is-f u afigiB** 

T(±. tl/08(i^OHi:#tU:tit*^.. ClftfrttU #31**4 
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tzUTffimzmmtT'% z z uti^ 0 
5 mmm 2 6 

3m.m&zi-7-j >7'&ffi*.tzt summit, nm^tz^m^-m^miz 
z\(D3mm\*. mz-tfrnmuyx^smmtDrnttir^xfrTkizMti-zb. 

15 

mmm 2 1 

— 9 —T V (^WCD^mmm, STS-11) £3o-r^*7l/->iJ*7y* 
to (BMfk^, xy-fy^XO) 8 : 1 2 CDiJj^T'jS-g- 

20 U 1 5 an H^CDM^^^/U (m^«Hs, AB02E01) OiffiCX/U-n-f 

z&mv&m-zntzw&zmz* &mommt 0.3^ mt* ^ fco ^s^®* 

tt»* lMffi^miznW:Ltz&<D7}<Lt<D&teftltfcf£5 0 T*Z>^iz 0 
25 BLB 1tft*T£/S I >Tl**4CDSffiK 0.03 mW/cm 2 ©^tRMflCT 1 B fTO 
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mMM2 8 

T^--t?3!if-^TV*/U (STS-11) t.^u4 ?)V > >J # vVl/ (B^ft^ X 
7-77^20) Zmi&ftO^^ticX" 8 0:2 0 ©Sd^TiS^ U 1 5 cm Eg 
ft(DMftl5"fJ\' (AB02E01) ©Sffit'X^lx-ZJ-x^f >r&C<fc«9^fcU 80 
0°C ©M?T 1 B#r»5)tU ^^-T £ •> V **^^5^ITM$n/c^ 
f#/c 0 &®i©i8i¥li 0 . 3 //m-C^>o/Co MsScEm©7Ki©^te^<i5 e T£>-,^ 0 

Sfe^3fe^ffi^TM$4®a®{r 0. 0 0 4 mW/cm 2 ©$^£UKlgT 1 B Fslj 
^^M^L/ciC^. *£©&&»£! 1*4' izte^tzo 

9 

T + *~ tffflf-*— (STS-11) <fc3o>r*Ol/*>y *r/;U (BjgYfc^ X 

;-f.^x20) zmuzm&xm&\stzWBL<DMm%L*mm.\stz< > **©& 

ffi«©H^{CfcttS'>'J^©^U^{±. 0%. 5%. 1 0%. 1 5%. 2 0%, 
2 5%, 3 0%T£>-?/c o **©!&«& 0.08 g£glJ*CD 1 5 cm Q^CDj&fA^ -< 
;U (AB02E01) ©^Mjr^^^^b-n-^^ — KS&JUU 800° 

8 BlfflieB>rfrttBL3rcSfe©*i:©«ttft**l 3 0©^5 ^KjjrTo & 
W 1 0 «JK±©tt^T(iBSfBlrtt1t{c J:5«7jctt©R^*</h$^ 0 

*©& N BLB t^^l^T^OllC 0.03 mW/cm 2 ©*^MMRltT 
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10 

Hffiffll 3 0 

7^*— tfgf-* — TVJV (STS-11) inD-f^iJ^'/yKxy-f"^ 

T4.5mgrtfljl 5 anWftC&ffitofJjU (AB02E01) KjfrtfU 880°C OSS 
TlO^fiJcLto dOf^d. BLB $)tff^I^T 0 . 5 mW/on 2 0tM 

m&T"3s$mmfn-m&mMis. # lfttt^tstt^ -op cabo2e 

01) ©*<t©&ftfcft(i;fc* 0" *JctC53 0* T^o/Co 

>77-^ 4.8 •> 'J 4.8 H%, gTlctt^- t^y? >y ^ 4.7 H% 

1.05 g/'J . y ^-©jSST7K(C>SS$-a-/cX7 U 

L/c e 

4 5^|Cffi^$-a-/-c# lK«*JJ:CfaStt^>r^ (AB02E01) K±JBX5 V -15 
Oml^-^T^-frT 1 5^Wtti»S-a-> ^^T'^@7K 150ml ^rjftT^-ltT 1 5 

IB^^o ft^&©ft!l3£tiB#X!$£g!te (JIS) Z8741 ©^{r^-,T^ft^ Tt^S 
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8 





# it**4 


Jfi*b^-OKAB02E01) 




0 


3 0 




0.7 


5.6 


itRmmt (%) 


93.4 


74.1 



mmm s i 
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20 1 2 5. ^^rt^k-r^^T^^T : 

(a) ^am^**^©^*^— K#*$ftfc>' u = - >©j§-cttasft 

(b) tfrS2£*t*&*MwEfi1-*Xg<i: ; 

(c) Bul£@©3tft4^ttTO^«l®-r^- £KJ:tK ffiSBJi©OT<Z>>' U 

(d> m&tmmwR*%Kitmm>rzz tizm^ Kfmmt&vitsmft 
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ff$fe&£iSWKJ:!3ftt^3**Xg ; 

5 126. mttmmit'tzxm-c&^x : 

1M2**f*Mfl»KE«-r*Xg<k ; 
10 t ; 

15 12 7. fjffi&gXHIi : 

MKMTTfSXfli: ; 

(b) »8fe«3^J«**«'ffc$-tirSXS«i: ; 

20 (c) K3t^tttt«*3tjaje-r-5c iffE*oaan©->y =j->&* 

#WK*&£lCg&£-fe!-£XII ; 

25 12 8. mtt&m&fc-rzx&T'&^T ■. 

t ; 
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5 12 9. ^*t^rt#<t-r^^T'«>-9T : 

^ /xjiff %mzmmfr z>w&'& sxikK &*)m ^tis ; 



15 13 0. S*t^rf^b-r^^T«>oT : 
25 ^^^^StOrlMMo 



13 1. S*f^ft#<b-r^^feT'*)oT : 
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t ; 

13 2. mtmrnz-ma : 

(b> mt&mMf£mm&mtz-&z>x.Mt ; 

13 3. i^iMt5]5fS-Cfe-,T : 

25 

13 4. &**£rt^t-f *#£rCfc-?T : 
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<t^sp»fl«nc7K»siwiiift$-a:. tot, mw.m<DmM^n7^m^-r~sMt : 

8; 

13 5. SM^rlMtS^Tfcot : 

10 (a) 5tto^¥^w©ttw^-^^sc^n^-> u 3 - >®@T«a$n 
(b) m&mvM&M&ttn&xmm-rz z tiz * k> , mem v>%m<d ■> y 3 - 

15 (c) |uI2)tM^tt*t^^MSl»^-r £ Z. t K «fc 0 s *««Ett#«03fe*kttEf^ 

20 

13 6. **t^/S^k-r^^j*T*>^T : 
25 £ ; 
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13 7. mtm.mnmt 

^ttKTK&SKtt&^-febSXII ; 
<fcj^&tt3»#iS 1 3 6 {r*o'< ^j*o 

13 8. MttKK@£ti/c^#©gtffi£^#{am#-f 5»*-,T : 

(b) luias^M^cseg-r^xgi: ; 
c ft^-r * © * Kit-r 5 c t &h> ft z> ism* 
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i 4 o. mM-K&wzftfr&tt(Dmm*mfr\m&i'ZJjfe'c$>'>-c ■ 
(b) Bfasfcf^-M^KEe-f sig<t ; 

ffillJ: 0 fulfill ©M©^7Ki4£^f#£i2r£ XII £ ; 
<d & Vi ikf £ c t frt> ta 5 #?£o 

SIS £ ; 
fijfa^ttS-M^KEg-rSXfli: ; 

14 2. fjIEMXg(i : 

(b) ^§t^JSW**«<b<*1i-*X||<i: ; 
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143. mmztfm\sttm<o$i3i$:V3±-?z>i5mx**>-oT 

t ; 

10 14 4. ^#(C#^L7t7K?S©^fi^|r)5±-r^^?*T^)^T : 

(a) #a*j»tt^##J|4©ttW ->ij3-> 

(b) liriaii©^Jitt*t*4**®er5C ijr J:0. fufe/f ©S®© •> »J 

(c) #*UA:ffl^«#ezKfc«ti^/Xti7K**«rlMoaffijrjE*<^-fr5X3g ; 
^ £ 3 Tk^^SKih^j^o 

©iiTtta^n/ca&^^-miii-rsxsi ; 

25 (c) iufeftMJ£ttTO£;»&-f S d <fc f' «k 0 . ttM&ttTO^ftM&f'Effl jr 
«i:»)l5£«oaffi©«*tt*ilt^$#-5XS«i: ; 

(d) #»LA:fi^«IS*fc J:af/Xl±***frC*©MlCX2:*^-a-«Xg ; 
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14 6. S^fCft^L/cTK^^S^^ili-r^^T'fe^T : 
£ ; 

10 14 7. WE««XSli : 

(b) »jfcKJ^j«**5E^:**SXS<b ; 
15 (c) R3te*JKtt*m*3te©i&f £ C i: K «k 9 > UrtaiB^M© •> V 3 - 

^&tHC7KS?S(rfi^^-li-^XI ; 
i^6<£S»*S 1 4 6 tr£o*< #j£o 

20 14 8. ^attw^^je-rswExsrt^iiKt^^^T^-5 - t&mmt 

-rSff^ 102-147 (Dt^n^(CS-3J< #?& 0 

14 9. ^mmtn&ytmig-tz^Mit&fttt, e&m*r. y*^^ 

25 f -SIS^102~147CDt^n^{rS-^<^o 

15 0. 3UW«Ett#«*3ta3e-r*ltEXSli> !&£JI©7KiBtt^2K<k©S&tt 

ftc&jruTfti o° jar ttztt ft i z tzwkt-r zmwa io2~ii6 is 
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SK&gl,-C#j5 e ^TJCnc^^WoCi^^i-r'Sm^l 5 0K&-}< 
5 3F&o 



15 2. ^fti^tt^^^jgi-SHufex^ij:. |lrie®CD7KMti^7jci©SM 

^(r^LT^j5- £<TK*£££TfT9 - i^^i-r^m^lS*^ 117-12 

10 

15 3. luiaXg (b) 1,tmtm<b7kMft&ti<fct<Dffl&ft\Z$km.\^T#J 1 0* 
T{r/i^^-C^T9C < i:^-#^ < tt-^lt^l03 s 104. 108. 109. 113. 114. 129. 
130. 134. 135. 144. XI* 145 #j£ c 

!5 15 4. sulBXg (b) l*m5Zm<D7kffiH&fr7kt<Dmmftizmg.LT#}5° KIT 

15 5. fiifeXfl (c) (ifIie/icD7jc^ntt*<7j<<J:©^M^iC^LT^l 0° £1 
Tick z ZT'fto z tZftrnt-tzmRm 104, 106. 109. 111. 114. ne. 124. 

20 125. 127. 130. 132. 135. 137. 139. 140. 142. 145. Xli 147 < #j£ 0 ' 

15 6. lul^g (c) {i|u|£^O7K^titt*<7jci©S^(Cg|S[LTij^5 0 J£(T 

25 1 5 7. lui2ttM&t£*m(;JU H0 2 . ZnO. SnO z . SiTi0 3 . W0 3 . Bi^. Fe 2 O s ^ 

z>tzz>mfrz>m{ftitz i momitmz-ktsmim 102-147 ©1 ^n^trs-^ < 
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158. msjmm&.#tti*T-}'9--*fm*-?-Tfre>*izttt*.i£i 5 i\z.mn 
1 5 9. iijia®(iMcsio 2 x(isno 2 ^^-c^5ii^i 5 nzm-KX&o 

5 

««$nTi^3t*^ 102-106 ©i^tuWrfc^K #fe 0 



10 i6i. Btjia^ti v tKDmmfrZte 1 6 0 1:$^ < ^ D 

16 2. suffix yxttTfrij uisi^fiK *y*stsJS7 x«$n> itjia^ 

snTt^fflUJOK 107-in ©i^n^i:S^<3Eife. 

15 

16 3. ffi£i9J*<* •> V *7 1 6 2 < 

1 6 4. m^^mk^mtTJVij^mmmm^^y^tjif^^X'^^n, 
20 omwrcwa. ztix^z 112- 116 0 1, ^tUMzm-i < 

16 5. iiresam •> y * ©aug*^ £ & ^it*^ 1 6 4 k*-? < #j£ 0 

mKTttasn-ci 117-147 ©i^n^rm^ < #j& 0 

16 7. WtBMRlti'V btlZ?lt*&l 6 6{CS-^<«^*to 
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1 6 8. 3tjl2Ji©J¥£(iiftO. 2 fim&.TT'&Z>m ^ 102-147 ©c^n^KS 

timim 102-147 ©t < ^j* 0 

io d x Rh N r u> o s> ir^u,/j:^i¥^t>ii{i'nfc i m<D£m*'at;m>£m 102-147 © 

17 1. Kfttt^OSit^T'^oT : 
t ; 

20 

17 2. l^#ttU>XOSit^T*>oT : 

25 frt>tZttm o 

17 3. Klltt^^^OiUit^T'^oT : 
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#ji o° uT<D7kMti&&m.?zftfcm&<Dmxmfcmto&m&&m-tziL 

5 

17 4. u^mm.^^<ommiimxh^x ■. 
^^^m^n^^±mmmi^t<Dmmn^n-Lxmi o° jstf© 

10 3&M5>n£5^j*o 



17 5. «*tt*ffi*«A^«^©»iafi^r^*^"^ : 

17 6. fifM©7K«ntt*<7KiO«»ft»-«llltU"r**jl 0° JEiTCtt**"CI? 
£3WS^tt#»*^iB-r-5XS*Hir^f -5 - tfrZtiZtK&m. 171-175 ©i* 

20 -^ti^ic*-^<36r&« 

177. ^m^un^^^^mie.xmim^m<D^mn^i)^t(DmMn 

25 

17 8. WE3fe««ttt*t«ti. Ti0 2> ZnO A SnO^ SrTiO JN WO„ Bi^ Fe 2 0,^ 

&tf*»*&«t«a*: i a©*^b***t;ai«5i 171-175 ©c^n^«rs^< 
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5 i8o. mwm.-x.mt : 

(b) Bfifcit^jsaS^HYkS-tirSXai ; 

io (c> mytMm^un^ytm^-t^z tiz^o. m^m^mmco-y v 

i^^^ait^Ig 171-175 CDC ^tl^K^K #j£ 0 
15 18 1. ftjfSIg (c) (itulegCD^ffiCD?^^^^^©^^^^^^ 1 

UTlzKZZT'fio 1**^1 8 lK&o'<#i£o 

20 

18 3. iule^SXgJi : 
25 t>tf*»jj£B 171-175 ©l^tl^(r«-^< -fifee 

1 8 4. T^uiHgw^^^^^^irrfe^^^tjct-^o^i^iht-^^ 
msz&&xM<DmizmszmM&yVJi®mm-c&m-tzz\ t&wmk-fzm 
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1 8 5. BiaXg (a) (i. tmffi(CW«^ >MftOM^i^Us #a^-ci£ 

io 18 7. luiexe (a) ti. mm.m^mmr? wb^©fg&£&*>u &t^xt£ 

18 8. mmWt^^yit^mt. r^xiiTKso^T'^Sfii^Si 8 7K&o* 

15 < #*fco 

18 9. iUfEXH (a) li7/°7 ? 'J >?*iC£9tT9 C £^£>tt£ft*ll 1 8 3d 

20 1 9 0. Bijffi/f liHK SiO z ^^-t;If &m 1 7 8 Cl^ < J5&o 

19 1. stjfB^aXgti : 

(a) & B B B t4^-T©*^<t y ^©«fi[^*^triB«tt«-»aiS(wife^-rsx 
25 (b) j»&w*»<toUc^i5iT©ffl«JwJnif!h-rsc: tiz& vm&ttmttK® 
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1 9 2. T)vt> vmBmm**>frmtfrziiu§zm*iztf;WL-fZ(D$ : &j±-rzt z 

19 3. lirSSttaxgii : 

mmmzmifj-rzxMt •. 

1 9 0 K*-3< #j£ 0 
19 4. BufBfcmxIIte : 

£ l 9 o < #*fc 0 

19 5. itrie^ax^ti : 

T+*-Mm. s f-*=-T\Z®$ktttm. ; 

*^ 6« i 9 o < ^rfeo 
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TO^'J ^D^>X(i^tit»om^T^SIt*^l 9 3i;io*<m 

10 

19 9. BUlSBUlg{*te> T" h77^^->->7>, ->7y~;k ^^*3000 
2 0 0. ffrMMK Sn0 2 ^^-t;fS^Jl 1 7 8 < #j£ 0 

15 

2 0 1. HulS^SXgJi : 

(b) 9oo»cjKT©ffl«tcjn»-r5c: <t{r«t vMtiLttmmzmiz-f 

20 £ iSC^j^t^IS ; 

25 #£191 < 

2 0 3. 1fl£««Xg{i : 
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(c> mmm* 9oo«»c vxTv&mzmws-fz zt\z&*) mfeMf-f-T&tksk 

2 0 0i:i^<M, 

2 0 4. tt^axS(*1iTIBJl0j*£j^ttO.2 //mJKTKfcSJ:5rcfTfrft.5» 
#S 171-175 ©I < ^fj*o 

10 

2 0 5. affi{Cft*U/c^(7j)^7KfcJ;^VX(i7k7®(c«koT^#0^ : L< 
20 2 0 6. mWtZttMLtzmfr<DMm*&J:V/XltfcffilZ£^Tl;>X*<mQ% 
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207. mmizttmLtz&ft<D®ffi*&£v/x{t7kmK±^Ti7 7Xti<mio : g 
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FIG. 11A 
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FIG. 11B 
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FIG. 16 
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